Introduction
============

Multiple myeloma is a neoplastic plasma cell disorder characterized by clonal proliferation of malignant plasma cells in the bone marrow (BM) microenvironment, leading to bone destruction and marrow failure \[[@b1-crt-2014-010]\]. The initial diagnostic workup in all patients with multiple myeloma includes a full skeleton X-ray survey to evaluate the lytic bone lesions. For detection of occult lesions, magnetic resonance imaging (MRI) of the spine and pelvis is mandatory in all patients with a presumed diagnosis of smoldering multiple myeloma \[[@b2-crt-2014-010],[@b3-crt-2014-010]\]. In case of symptomatic multiple myeloma, several guidelines recommend MRI only in certain circumstances, such as ambiguous plain radiographic findings or suspected cord compression, and for delineating the nature and extent of soft tissue masses \[[@b2-crt-2014-010],[@b4-crt-2014-010]\]. On the contrary, MRI has been considered as a part of routine evaluation since unsuspected focal lesions and soft tissue plasmacytoma involving the spine and pelvis can be visualized and patterns of MRI abnormality may have prognostic significance \[[@b3-crt-2014-010],[@b5-crt-2014-010],[@b6-crt-2014-010]\]. Thus, the role of a baseline MRI in patients with symptomatic multiple myeloma, who have no related symptoms or signs, remains controversial. In this study, we evaluated the diagnostic and prognostic implications of spinal MRI in patients who were newly diagnosed with multiple myeloma.

Materials and Methods
=====================

1. Patients and baseline evaluation
-----------------------------------

We retrospectively analyzed all consecutive patients who were newly diagnosed with symptomatic multiple myeloma and underwent a whole-spine MRI before initiation of antimyeloma therapy from 2004-2011 at Chungnam National University Hospital (Daejeon, Korea). Multiple myeloma work-up included serum and urine protein electrophoresis, quantitation of serum immunoglobulin levels, 24-hour urinary protein excretion, serum β2 microglobulin and BM aspirations and biopsies for a morphologic interpretation. Plain X-ray skeletal surveys were performed with digital radiographs, including posterior-anterior chest, a skull series, lateral view of the vertebral column, and anterior-posterior views of the pelvis, shoulders, and extremities. We classified the patients using the Durie-Salmon and international staging systems (ISS). The study protocol was approved by the local institutional review board.

2. MRI evaluation
-----------------

A series of MRI sequences were performed to permit identification of the BM infiltration pattern and soft tissue masses, including sagittal fat-suppressed T2-weighted magnetic resonance (MR) images, sagittal T1-weighted MR images, axial T1- and T2-weighted MR images, and Gd-enhanced axial and sagittal T1-weighted MR images of the whole spine. MRI was analyzed based on a consensus by two radiologists.

MRI abnormalities not detected in digital radiographs were classified into two categories: malignant compression fractures and extramedullary plasmacytoma. Malignant compression fractures were defined as compression fractures with a contour bulging of the involved masses. Extramedullary plasmacytoma was classified into two categories, epidural extension and others, such as plasmacytoma in the rib or pelvis ([Fig. 1](#f1-crt-2014-010){ref-type="fig"}).

Additionally, the patterns of BM infiltration were classified into the following five categories: homogenously diffuse infiltrative, micronodular, macronodular, mixed, and normal appearance ([Fig. 2](#f2-crt-2014-010){ref-type="fig"}).

3. Statistical analysis
-----------------------

A Kaplan-Meier analysis was used to estimate overall survival with group comparisons completed using a log-rank test. Overall survival was defined from the date of diagnosis until death from any cause, and survivors were censored at the time of last contact. Univariate and multivariate analyses of prognostic factors were performed using a Cox regression analysis. We evaluated the correlation between the two factors, such as MRI abnormalities and ISS, using a χ^2^ test. Basic statistical data were obtained using the SPSS ver. 17.0 (SPSS Inc., Chicago, IL). Statistical significance is represented by two-tailed p-values, with a cut-off value of 0.05.

Results
=======

1. Patients' characteristics
----------------------------

A total of 113 patients with a median age of 65 years (range, 40 to 89 years) were enrolled in the study, and the male to female ratio was similar. The median follow-up duration was 21 months (range, 1 to 90.5 months). Based on the Durie-Salmon staging system, 61.1% of patients were stage IIIA and 22.1% of patients were stage IIIB; whereas based on the ISS, 40.7% were stage III, followed by 38.9% in stage II ([Table 1](#t1-crt-2014-010){ref-type="table"}).

2. MRI abnormalities
--------------------

Malignant compression fractures were observed in 26 patients (23%), and epidural extensions of plamacytoma were observed in 15 patients (13.3%), while non-epidural extensions of plamacytoma were observed in seven (6.2%). Malignant compression fracture combined with epidural extension was observed in six patients and non-epidural extension of plasmacytoma in two patients. Two patients had both epidural and non-epidural extensions of plasmacytoma. In total, 38 patients (33.6%) had MRI abnormalities not shown in digital radiographs. Of the patients with malignant compression fracture, three (11.5%) had no related symptoms or signs. Of the patients with epidural and non-epidural extensions, seven (46.7%) and four (57.1%), respectively, had no related symptoms or signs. Malignant compression fracture and epidural extension of plasmacytoma was significantly related to the symptoms and signs, but non-epidural extension of plasmacytoma did not correlate to any of the related symptoms and signs ([Table 2](#t2-crt-2014-010){ref-type="table"}). There was no significant correlation between MRI abnormalities and ISS ([Table 3](#t3-crt-2014-010){ref-type="table"}). Malignant compression fracture did not affect the overall survival (p=0.056); however, patients with extramedullary plasmacytoma had significantly poorer survival rates (p \< 0.001) with either epidural extension (p=0.009) or nonepidural extension (p=0.028) of plasmacytoma ([Fig. 3](#f3-crt-2014-010){ref-type="fig"}).

3. Patterns of BM infiltration observed with MRI
------------------------------------------------

Diffuse infiltrative pattern was found in 35 patients (31.0%), mixed pattern in 17 (15.0%) and normal pattern in seven (6.2%). Patterns of BM infiltration did not correlate with ISS ([Table 4](#t4-crt-2014-010){ref-type="table"}). However, all of the patients with normal pattern had \< 33% BM plasma cells ([Table 5](#t5-crt-2014-010){ref-type="table"}). Patterns of BM infiltration did not influence overall survival (p=0.244) ([Fig. 4A](#f4-crt-2014-010){ref-type="fig"}). However, patients with mixed BM infiltrative patterns tended to have poorer overall survival. Thus, when patients were divided into two groups, mixed patterns showed significantly poorer survival rates than the other group (p=0.030) ([Fig. 4B](#f4-crt-2014-010){ref-type="fig"}). Epidural extension and non-epidural extension of the plasmacytoma, ISS, creatinine, total calcium, and lactate dehydrogenase were statistically significant in an univariate analysis. In a multivariate analysis using these prognostic factors, non-epidural extramedullary plasmacytoma and ISS III were significant prognostic indicators of poor outcome (hazard ratio \[HR\], 3.49; 95% confidence interval \[CI\], 1.126 to 10.819; p=0.03 and HR, 2.722; 95% CI, 1.109 to 6.681; p=0.029, respectively) ([Table 6](#t6-crt-2014-010){ref-type="table"}).

Discussion
==========

A skeletal survey in patients with multiple myeloma was performed conventionally by a plain whole body X-ray \[[@b2-crt-2014-010],[@b3-crt-2014-010]\]. However, plain X-rays had limitations since some areas were not well visualized or had low sensitivity, and analysis was observer-dependent \[[@b7-crt-2014-010]\]. Although the usefulness of novel imaging modalities, such as computed tomography (CT) or positron emission tomography (PET), has been reported, MRI remains the standard imaging technique for detecting spine or pelvic lesions and for evaluating patterns of BM infiltration \[[@b8-crt-2014-010],[@b9-crt-2014-010]\]. For example, Baur-Melnyk et al. \[[@b10-crt-2014-010]\], reported that a whole-body, multi-detector CT led to a significantly lower detection rate than a whole-body MRI in patients with multiple myeloma. Furthermore, Zamagni et al. \[[@b11-crt-2014-010]\] and Fonti et al. \[[@b12-crt-2014-010]\], demonstrated that although PET-CT provides additional and valuable information for the assessment of myeloma bone disease, MRI is superior with regard to the assessment of BM involvement in the spine and pelvis.

In our study, a whole-spine MRI could detect additional skeletal abnormalities that are not shown on digital radiographs in approximately 33% of patients. Moreover, extramedullary plasmacytoma in these abnormalities is correlated with poor prognosis. Since some patients did not present any related symptoms and signs, we suggest that a whole-spine MRI is needed as a baseline skeletal survey in all patients. In addition, baseline whole-spine MRI has prognostic implications in the detection of focal lesions and patterns of BM infiltration. Walker et al. \[[@b13-crt-2014-010]\], reported that MRI was a more powerful tool for detecting focal lesions than plain X-ray bone surveys since 52% of patients with normal metastatic bone survey had a focal lesion on MRI, leading to the conclusion that MRI can be routinely used for staging, prognosis, and response assessment in myeloma. The percentage of patients in the aforementioned report was higher than our current study because they included osteolytic lesions as a focal lesion.

We classified patterns of BM infiltration in MRI into five categories based on a previous description \[[@b14-crt-2014-010]\]. In the literature, a micronodular pattern was described as a "salt-and-pepper" pattern, a macronodular pattern as a focal infiltrative pattern, and a mixed pattern as a combined or variegated pattern \[[@b5-crt-2014-010],[@b7-crt-2014-010]\]. The prognostic significance of diffuse and focal infiltration patterns has been demonstrated previously, whereby patients with a diffuse pattern of infiltration had features of more advanced disease and poorer overall survival \[[@b6-crt-2014-010],[@b15-crt-2014-010]-[@b17-crt-2014-010]\]. In addition, Walker et al. \[[@b13-crt-2014-010]\], demonstrated that the number of focal lesions had independent prognostic implications. In our study, we did not find a correlation between infiltrative patterns and ISS, and similar to the previous report, mixed patterns resulted in a poorer prognosis since they have both focal lesions and diffuse infiltration. It is clear that a large number of focal lesions or extents of involved lesions affect the prognosis. Recently, dynamic contrast-enhanced MRI was used to evaluate the prognosis of multiple myeloma, suggesting that functional MRI techniques may in the near future for identifying patients who could benefit most from anti-angiogenic drugs \[[@b18-crt-2014-010]\].

Serial MRI monitoring can be useful in assessing the response to treatment \[[@b19-crt-2014-010]\]. In our study, we did not perform a follow-up MRI in all patients with anti-myeloma therapy; thus, we could not evaluate the changes in MRI patterns or infiltration, although the data warrant a prospective study of serial MRI monitoring.

There was little selection bias in our study since we performed the whole-spine MRI consecutively in all patients diagnosed with multiple myeloma from the beginning of enrollment in 2004 and treated patients using the same strategy at a single institution.

Conclusion
==========

In summary, this study demonstrates the importance of a baseline spinal MRI in patients with multiple myeloma. Spinal MRI revealed bone lesions, as well as extramedullary plasmacytoma, which may not be detected in plain radiographs, even in patients with no relevant symptoms or signs. Furthermore, mixed infiltrative patterns observed with MRI predicted poor overall survival. We conclude that spine MRI at the time of diagnosis is beneficial not only to surveying skeletal lesions, but also assessing the prognosis in patients with multiple myeloma.
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![(A) Malignant compression fracture, which was defined as a collapsed body with contour bulging of the involved masses. Extra-medullary extension of plasmacytoma, including epidural extension (B, indicated by an arrow) and non-epidural extension (C, indicated by arrows).](crt-2014-010f1){#f1-crt-2014-010}

![(A) Diffuse infiltrative pattern. Homogeneous hypointense change which is similar or lower than disc signal on T1-weighted image. (B) Micronodular pattern, also referred to as "salt-and-pepper" pattern. Small foci of low intensity throughout the marrow on sagittal T1-weighted image. (C) Macronodular pattern. Multifocal relatively large hypointense lesions are detected on sagittal T1-weighted image. (D) Mixed pattern. It shows a combined micronodular and macronodular lesions. (E) Normal bone marrow pattern. Bone marrow shows hyperintense compared to the disc on T1-weighted image.](crt-2014-010f2){#f2-crt-2014-010}

![Kaplan-Meier plots of survival according to magnetic resonance imaging abnormalities. (A) Survival according to malignant compression fracture. (B) Survival according to extramedullary extension of plasmacytoma. (C) Survival according to epidural extension of plasmacytoma. (D) Survival according to non-epidural extension of plasmacytoma.](crt-2014-010f3){#f3-crt-2014-010}

![Kaplan-Meier plots of survival according to bone marrow infiltrative patterns. (A) Survival according to each of bone marrow infiltrative patterns. (B) Survival according to mixed patterns and others.](crt-2014-010f4){#f4-crt-2014-010}

###### 

Patients' baseline characteristics (n=113)

  Characteristic                        No. (%)
  ------------------------------------- ---------------------
  Median age (range, yr)                65 (40-89)
  Male:Female                           60 (53.1):53 (46.9)
  Median F/U duration (range, mo)       21 (1.0-90.5)
  Related organ and tissue impairment   
   Hypercalcemia                        17 (15.0)
   Renal insufficiency                  26 (23.0)
   Anemia                               87 (77.0)
   Bone disease                         86 (76.1)
  Amyloidosis                           3 (2.7)
  Heavy chain                           
   IgG                                  65 (57.5)
   IgA                                  25 (22.1)
   Light chain only                     23 (20.4)
  Light chain                           
   Kappa                                56 (49.6)
   Lambda                               56 (49.6)
   Unknown                              1 (0.9)
  Durie-Salmon stage                    
   I                                    8 (7.1)
   IIA                                  10 (8.8)
   IIB                                  1 (0.9)
   IIIA                                 69 (61.1)
   IIIB                                 25 (22.1)
  International staging system          
   I                                    23 (20.4)
   II                                   44 (38.9)
   III                                  46 (40.7)

###### 

Correlation of MRI abnormalities and related symptoms/signs (n=113)

  Finding                                 Related symptoms and signs   p-value^[a)](#tfn2-crt-2014-010){ref-type="table-fn"}^   
  --------------------------------------- ---------------------------- -------------------------------------------------------- ----------
  Malignant compression fracture (n=26)   23/26 (88.5)                 3/26 (11.5)                                              \< 0.001
  Epidural extension (n=15)               8/15 (53.3)                  7/15 (46.7)                                              0.008
  Non-epidural extension (n=7)            3/7 (42.9)                   4/7 (57.1)                                               0.282

Values are presented as number (%). MRI, magnetic resonance imaging.

Chi-square test.

###### 

Correlation of MRI abnormalities and international staging system (n=113)

  Finding                                 International staging system   p-value^[a)](#tfn4-crt-2014-010){ref-type="table-fn"}^               
  --------------------------------------- ------------------------------ -------------------------------------------------------- ----------- -------
  Malignant compression fracture (n=26)   2 (7.7)                        11 (42.3)                                                13 (50.0)   0.176
  Epidural extension (n=15)               2 (13.3)                       6 (40.0)                                                 7 (46.7)    0.750
  Non-epidural extension (n=7)            0                              4 (57.1)                                                 3 (42.9)    0.339

Values are presented as number (%). MRI, magnetic resonance imaging.

Chi-square test.

###### 

Correlation of MRI infiltrative patterns and international staging system (n=113)

  Pattern                       International staging system   p-value^[a)](#tfn6-crt-2014-010){ref-type="table-fn"}^               
  ----------------------------- ------------------------------ -------------------------------------------------------- ----------- -------
  Diffuse infiltrative (n=35)   3 (8.6)                        15 (42.9)                                                17 (48.6)   
  Micronodular (n=39)           7 (17.9)                       15 (38.5)                                                17 (43.6)   
  Macronodular (n=15)           6 (40.0)                       5 (33.3)                                                 4 (26.7)    
  Mixed (n=17)                  3 (17.6)                       7 (41.2)                                                 7 (41.2)    
  Normal (n=7)                  4 (57.1)                       2 (28.6)                                                 1 (14.3)    0.119

Values are presented as number (%). MRI, magnetic resonance imaging.

Chi-square test.

###### 

Correlation of BM infiltrative patterns and percentage of plasma cells (n=113)

  Pattern                       BM plasma cell (%)   p-value^[a)](#tfn8-crt-2014-010){ref-type="table-fn"}^   
  ----------------------------- -------------------- -------------------------------------------------------- -------
  Diffuse infiltrative (n=35)   22 (62.9)            13 (37.1)                                                
  Micronodular (n=39)           21 (53.8)            18 (46.2)                                                
  Macronodular (n=15)           7 (46.7)             8 (53.3)                                                 
  Mixed (n=17)                  11 (64.7)            6 (35.3)                                                 
  Normal (n=7)                  0                    7 (100)                                                  0.034

Values are presented as number (%). BM, bone marrow.

Chi-square test.

###### 

Comparison of univariate and multivariate correlates of survival duration

                           Median OS (range, mo)   Univariate (p-value^[a)](#tfn10-crt-2014-010){ref-type="table-fn"}^)   Multivariate (p-value^[b)](#tfn11-crt-2014-010){ref-type="table-fn"}^)   HR^[b)](#tfn11-crt-2014-010){ref-type="table-fn"}^ (95% CI)
  ------------------------ ----------------------- ---------------------------------------------------------------------- ------------------------------------------------------------------------ -------------------------------------------------------------
  Epidural extension       40.0 (0.0-114.8)        0.009                                                                  0.305                                                                    1.691 (0.62-4.612)
  Non-epidural extension   24.0 (19.1-28.9)        0.028                                                                  0.03                                                                     3.49 (1.126-10.819)
  ISS III                  30.0 (0.5-59.0)         0.000                                                                  0.029                                                                    2.722 (1.109-6.681)
  Creatinine ≥ 2 mg/dL     24.0 (20.4-27.6)        0.000                                                                  0.367                                                                    1.545 (0.601-3.975)
  Calcium \> 10 mg/dL      41.0 (11.0-70.9)        0.027                                                                  0.277                                                                    1.521 (0.714-3.239)
  LDH \> 2× ULN            5.0 (0.5-9.9)           0.009                                                                  0.465                                                                    1.75 (0.39-7.856)

OS, overall survival; HR, hazard ratio; CI, confidence interval; ISS, international staging system; LDH, lactate dehydrogenase; ULN, upper limit of normal.

Log rank test,

Cox proportional hazard ratio.
